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CONTINUOUS DROP EMITTER WITH 
REDUCED STIMULATION CROSSTALK 

FIELD OF THE INVENTION 

This invention relates generally to the ?eld of digitally 
controlled printing and liquid patterning devices, and in par 
ticular to continuous ink jet systems in Which a liquid stream 
breaks into drops, some of Which are selectively de?ected. 

BACKGROUND OF THE INVENTION 

Ink jet printing has become recognized as a prominent 
contender in the digitally controlled, electronic printing arena 
because of its non-impact, loW-noise characteristics, its use of 
plain paper and its avoidance of toner transfer and ?xing. Ink 
jet printing mechanisms can be categorized by technology as 
either drop-on-demand ink jet or continuous ink jet. 

The ?rst technology, “drop-on-demand” ink jet printing, 
provides ink droplets that impact upon a recording surface by 
using a pressurization actuator (thermal, piezoelectric, etc.). 
Many commonly practiced drop-on-demand technologies 
use thermal actuation to eject ink droplets from a nozzle. A 
heater, located at or near the nozzle, heats the ink suf?ciently 
to boil, forming a vapor bubble that creates enough internal 
pressure to eject an ink droplet. This form of ink jet is com 
monly termed “thermal ink jet (TI]).” Other knoWn drop -on 
demand droplet ejection mechanisms include piezoelectric 
actuators, such as that disclosed in US. Pat. No. 5,224,843, 
issued to van Lintel, on Jul. 6, 1993; thermo-mechanical 
actuators, such as those disclosed by ]arrold et al., US. Pat. 
No. 6,561,627, issued May 13, 2003; and electrostatic actua 
tors, as described by Fujii et al., US. Pat. No. 6,474,784, 
issued Nov. 5, 2002. 

The second technology, commonly referred to as “continu 
ous” ink jet printing, uses a pressurized ink source that pro 
duces a continuous stream of ink droplets from a nozzle. The 
stream is perturbed in some fashion causing it to break up into 
substantially uniform sized drops at a nominally constant 
distance, the break-off length, from the nozzle. A charging 
electrode structure is positioned at the nominally constant 
break-off point so as to induce a data-dependent amount of 
electrical charge on the drop at the moment of break-off. The 
charged droplets are directed through a ?xed electrostatic 
?eld region causing each droplet to de?ect proportionately to 
its charge. The charge levels established at the break-off point 
thereby cause drops to travel to a speci?c location on a record 
ing medium or to a gutter for collection and recirculation. 

Continuous ink jet (CI]) drop generators rely on the phys 
ics of an unconstrained ?uid jet, ?rst analyzed in tWo dimen 
sions by F. R. S. (Lord) Rayleigh, “Instability of jets,” Proc. 
London Math. Soc. 10 (4), published in 1878. Lord Ray 
leigh’s analysis shoWed that liquid under pressure, P, Will 
stream out of a hole, the nozzle, forming a jet of diameter, d], 
moving at a velocity, vj. The jet diameter, d], is approximately 
equal to the effective nozzle diameter, D d”, and the jet veloc 
ity is proportional to the square root of the reservoir pressure, 
P. Rayleigh’ s analysis shoWed that the jet Will naturally break 
up into drops of varying sizes based on surface Waves that 
have Wavelengths, 7», longer than rcdj, i.e. kind]. Rayleigh’s 
analysis also shoWed that particular surface Wavelengths 
Would become dominate if initiated at a large enough mag 
nitude, thereby “synchronizing” the jet to produce mono 
sized drops. Continuous ink jet (CI]) drop generators employ 
some periodic physical process, a so-called “perturbation” or 
“stimulation”, that has the effect of establishing a particular, 
dominant surface Wave on the jet. The surface Wave groWs 
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2 
causing the break-off of the jet into mono-sized drops syn 
chronized to the frequency of the perturbation. 
The drop stream that results from applying Rayleigh stimu 

lation Will be referred to herein as a stream of drops of pre 
determined volume as distinguished from the naturally occur 
ring stream of drops of Widely varying volume. While in prior 
art CI] systems, the drops of interest for printing or patterned 
layer deposition Were invariably of substantially unitary vol 
ume, it Will be explained that for the present inventions, the 
stimulation signal may be manipulated to produce drops of 
predetermined substantial multiples of the unitary volume. 
Hence the phrase, “streams of drops of predetermined vol 
umes” is inclusive of drop streams that are broken up into 
drops all having nominally one size or streams broken up into 
drops of selected (predetermined) different volumes. 

In a CI] system, some drops, usually termed “satellites” 
much smaller in volume than the predetermined unit volume, 
may be formed as the stream necks doWn into a ?ne ligament 
of ?uid. Such satellites may not be totally predictable or may 
not alWays merge With another drop in a predictable fashion, 
thereby slightly altering the volume of drops intended for 
printing or patterning. The presence of small, unpredictable 
satellite drops is, hoWever, inconsequential to the present 
inventions and is not considered to obviate the fact that the 
drop sizes have been predetermined by the synchronizing 
energy signals used in the present inventions. Thus the phrase 
“predetermined volume” as used to describe the present 
inventions should be understood to comprehend that some 
small variation in drop volume about a planned target value 
may occur due to unpredictable satellite drop formation. 

Commercially practiced CI] printheads use a piezoelectric 
device, acoustically coupled to the printhead, to initiate a 
dominant surface Wave on the jet. The coupled piezoelectric 
device superimposes periodic pressure variations on the base 
reservoir pressure, causing velocity or ?oW perturbations that 
in turn launch synchronizing surface Waves. A pioneering 
disclosure of a piezoelectrically-stimulated CI] apparatus 
Was made by R. SWeet in US. Pat. No. 3,596,275, issued Jul. 
27, 1971, SWeet ’275 hereinafter. The CI] apparatus disclosed 
by SWeet ’275 consisted of a single jet, i.e. a single drop 
generation liquid chamber and a single nozzle structure. 

SWeet ’275 disclosed several approaches to providing the 
needed periodic perturbation to the jet to synchronize drop 
break-off to the perturbation frequency. SWeet ’275 discloses 
a magnetostrictive material af?xed to a capillary nozzle 
enclosed by an electrical coil that is electrically driven at the 
desired drop generation frequency, vibrating the nozzle, 
thereby introducing a dominant surface Wave perturbation to 
the jet via the jet velocity. SWeet ’275 also discloses a thin 
ring-electrode positioned to surround but not touch the unbro 
ken ?uid jet, just doWnstream of the nozzle. If the jetted ?uid 
is conductive, and a periodic electric ?eld is applied betWeen 
the ?uid ?lament and the ring-electrode, the ?uid jet may be 
caused to expand periodically, thereby directly introducing a 
surface Wave perturbation that can synchronize the jet break 
off. This CI] technique is commonly called electrohydrody 
namic (EHD) stimulation. 

SWeet ’275 further disclosed several techniques for apply 
ing a synchronizing perturbation by superimposing a pres sure 
variation on the base liquid reservoir pressure that forms the 
jet. SWeet ’275 disclosed a pressurized ?uid chamber, the 
drop generator chamber, having a Wall that can be vibrated 
mechanically at the desired stimulation frequency. Mechani 
cal vibration means disclosed included use of magnetostric 
tive or piezoelectric transducer drivers or an electromagnetic 
moving coil. Such mechanical vibration methods are often 
termed “acoustic stimulation” in the CI] literature. 
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The several Cl] stimulation approaches disclosed by 
Sweet ’275 may all be practical in the context of a single jet 
system However, the selection of a practical stimulation 
mechanism for a Cl] system having many jets is far more 
complex. A pioneering disclosure of a multi-j et Cl] printhead 
has been made by SWeet et al. in Us. Pat. No. 3,373,437, 
issued Mar. 12, 1968, SWeet ’437 hereinafter. SWeet ’437 
discloses a Cl] printhead having a common drop generator 
chamber that communicates With a roW (an array) of drop 
emitting noZZles. A rear Wall of the common drop generator 
chamber is vibrated by means of a magnetostrictive device, 
thereby modulating the chamber pressure and causing a jet 
velocity perturbation on every jet of the array of jets. 

Since the pioneering Cl] disclosures of SWeet ’275 and 
SWeet ’437, most disclosed multi-jet Cl] printheads have 
employed some variation of the jet break-off perturbation 
means described therein. For example, U.S. Pat. No. 3,560, 
641 issued Feb. 2, 1971 to Taylor et al. discloses a Cl] printing 
apparatus having multiple, multi-jet arrays Wherein the drop 
break-off stimulation is introduced by means of a vibration 
device af?xed to a high pressure ink supply line that supplies 
the multiple Cl] printheads. U.S. Pat. No. 3,739,393 issued 
Jun. 12, 1973 to Lyon et al. discloses a multi-jet Cl] array 
Wherein the multiple noZZles are formed as ori?ces in a single 
thin noZZle plate and the drop break-off perturbation is pro 
vided by vibrating the noZZle plate, an approach akin to the 
single noZZle vibrator disclosed by SWeet ’275. U.S. Pat. No. 
3,877,036 issued Apr. 8, 1975 to Loef?er et al. discloses a 
multi-jet Cl] printhead Wherein a pieZoelectric transducer is 
bonded to an internal Wall of a common drop generator cham 
ber, a combination of the stimulation concepts disclosed by 
SWeet ’437 and ’275 

Unfortunately, all of the stimulation methods employing a 
vibration of some component of the printhead structure or a 
modulation of the common supply pressure result in some 
amount of non-uniformity of the magnitude of the perturba 
tion applied to each individual jet of a multi-jet Cl] array. 
Non-uniform stimulation leads to a variability in the break 
off length and timing among the jets of the array. This vari 
ability in break-off characteristics, in turn, leads to an inabil 
ity to position a common drop charging assembly or to use a 
data timing scheme that can serve all of the jets of the array. 

In addition to addressing problems of break-off time con 
trol among jets of an array, continuous drop emission systems 
that generate drops of different predetermined volume based 
on liquid pattern data need a means of stimulating each indi 
vidual jet in an independent fashion in response to the liquid 
pattern data. Consequently, in recent years an effort has been 
made to develop practical “stimulation per jet” apparatus 
capable of applying individual stimulation signals to indi 
vidual jets. As Will be discussed hereinbeloW, plural stimula 
tion element apparatus have been successfully developed, 
hoWever, some inter j et stimulation “crosstalk” problems may 
remain. 

The electrohydrodynamic (EHD) jet stimulation concept 
disclosed by SWeet ’275 operates on the emitted liquid jet 
?lament directly, causing minimal acoustic excitation of the 
printhead structure itself, thereby avoiding the above noted 
confounding contributions of printhead and mounting struc 
ture resonances. U.S. Pat. No. 4,220,958 issued Sep. 2, 1980 
to CroWley discloses a Cl] printer Wherein the perturbation is 
accomplished by an EHD exciter composed of pump elec 
trodes of a length equal to about one-half the droplet spacing. 
The multiple pump electrodes are spaced at intervals of mul 
tiples of about one-half the droplet spacing or Wavelength 
doWnstream from the noZZles. This arrangement greatly 
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4 
reduces the voltage needed to achieve drop break-off over the 
con?guration disclosed by SWeet ’275. 

While EHD stimulation has been pursued as an alternative 
to acoustic stimulation, it has not been applied commercially 
because of the di?iculty in fabricating printhead structures 
having the very close jet-to-electrode spacing and alignment 
required and, then, operating reliably Without electrostatic 
breakdown occurring. Also, due to the relatively long range of 
electric ?eld effects, EHD is not amenable to providing indi 
vidual stimulation signals to individual jets in an array of 
closely spaced jets. 
An alternate jet perturbation concept that overcomes all of 

the draWbacks of acoustic or EHD stimulation Was disclosed 
for a singlejet Cl] system in Us. Pat. No. 3,878,519 issued 
Apr. 15, 1975 to J. Eaton (Eaton hereinafter). Eaton discloses 
the thermal stimulation of a jet ?uid ?lament by means of 
localiZed light energy or by means of a resistive heater located 
at the noZZle, the point of formation of the ?uid jet. Eaton 
explains that the ?uid properties, especially the surface ten 
sion, of a heated portion of a jet may be su?iciently changed 
With respect to an unheated portion to cause a localiZed 
change in the diameter of the jet, thereby launching a domi 
nant surface Wave if applied at an appropriate frequency. U.S. 
Pat. No. 4,638,328 issued Jan. 20, 1987 to Drake, et al. (Drake 
hereinafter) discloses a thermally-stimulated multi-jet Cl] 
drop generator fabricated in an analogous fashion to a thermal 
ink jet device. That is, Drake discloses the operation of a 
traditional thermal ink jet (TH) edgeshooter or roofshooter 
device in CI] mode by supplying high pressure ink and apply 
ing energy pulses to the heaters su?icient to cause synchro 
niZed break-off but not so as to generate vapor bubbles. 

Also recently, microelectromechanical systems (MEMS), 
have been disclosed that utiliZe electromechanical and ther 
momechanical transducers to generate mechanical energy for 
performing Work. For example, thin ?lm piezoelectric, ferro 
electric or electrostrictive materials such as lead Zirconate 
titanate (PZT), lead lanthanum Zirconate titanate (PLZT), or 
lead magnesium niobate titanate (PMNT) may be deposited 
by sputtering or sol gel techniques to serve as a layer that Will 
expand or contract in response to an applied electric ?eld. 
See, for example Shimada, et al. in Us. Pat. No. 6,387,225, 
issued May 14, 2002; Sumi, et al., in Us. Pat. No. 6,51 1,161, 
issued Jan. 28, 2003; and Miyashita, et al., in Us. Pat. No. 
6,543,107, issued Apr. 8, 2003. Thermomechanical devices 
utiliZing electroresistive materials that have large coe?icients 
of thermal expansion, such as titanium aluminide, have been 
disclosed as thermal actuators constructed on semiconductor 
substrates. See, for example, Jarrold et al., U.S. Pat. No. 
6,561,627, issued May 13, 2003. Therefore electromechani 
cal devices may also be con?gured and fabricated using 
microelectronic processes to provide stimulation energy on a 
jet-by-jet basis. 

U.S. Pat. No. 6,505,921 issued to ChWalek, et al. on Jan. 
14, 2003, discloses a method and apparatus Whereby a plu 
rality of thermally de?ected liquid streams is caused to break 
up into drops of large and small volumes, hence, large and 
small cross-sectional areas (ChWalek ’921 hereinafter). Ther 
mal de?ection is used to cause smaller drops to be directed out 
of the plane of the plurality of streams of drops While large 
drops are alloWed to ?y along nominal “straight” pathWays. In 
addition, a uniform gas ?oW is imposed in a direction having 
velocity components perpendicular and across the array of 
streams of drops of cross-sectional areas. The perpendicular 
gas ?oW velocity components apply more force per mass to 
drops having smaller cross-sections than to drops having 
larger cross-sections, resulting in an ampli?cation of the 
de?ection acceleration of the small drops. 
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Continuous drop emission systems that utilize stimulation 
per jet apparatus are effective in providing control of the 
break-up parameters of an individual jet Within a large array 
of jets. The inventors of the present inventions have found, 
hoWever, that even When the stimulation is highly localized to 
each jet, for example, via resistive heating at the nozzle exit of 
each jet, some stimulation crosstalk still propagates as acous 
tic energy through the liquid via the common supply cham 
bers. The added acoustic stimulation crosstalk from adjacent 
jets may adversely affect jet break up in terms of break-off 
timing or satellite drop formation. When operating in a print 
ing mode of generating different predetermined drop vol 
umes, according to the liquid pattern data, acoustic stimula 
tion crosstalk may alter the jet break-up producing drops that 
are not the desired predetermined volume. Especially in the 
case of systems using multiple predetermined drop volumes, 
the effects of acoustic stimulation cross talk are data-depen 
dent, leading to complex interactions that are dif?cult to 
predict. Consequently, there is a need to improve the stimu 
lation per jet type of continuous liquid drop emitter by reduc 
ing inter-jet acoustic stimulation crosstalk so that the break 
up characteristics of individual jets are predictable, and may 
be relied upon in translating liquid pattern data into drop 
generation pulse sequences for the plurality of j ets in a large 
array of continuous drop emitters. 

SUMMARY OF THE INVENTION 

The foregoing and numerous other features, objects and 
advantages of the present invention Will become readily 
apparent upon a revieW of the detailed description, claims and 
drawings set forth herein. These features, objects and advan 
tages are accomplished by constructing a continuous drop 
emitter comprising a liquid supply chamber containing a 
liquid held at a positive pressure and ?rst and second nozzles 
in ?uid communication With the liquid supply chamber 
nozzles emitting ?rst and second continuous streams of a 
liquid. The continuous drop emitter is further comprised of 
?rst and second stream break-up transducers adapted to inde 
pendently synchronize the break up of the ?rst and second 
continuous streams of the liquid into ?rst and second streams 
of drops of predetermined volumes, respectively. An acoustic 
damping material located adjacent to or Within the liquid 
supply chamber for damping sound Waves generated Within 
the liquid chamber by the ?rst and second stream break-up 
transducer is provided to reduce stimulation crosstalk arising 
in the liquid supplying the ?rst nozzle from the second stream 
break-up transducer and vice versa. 

The present inventions may also be con?gured With a 
Helmholtz resonant chamber tuned to a selected acoustic 
crosstalk frequency and having an acoustic damping material 
therein for absorbing acoustic stimulation energy. The Helm 
holtz resonant chamber may serve as a portion of the common 
liquid supply for the ?rst and second jets in Which case the 
acoustic damping material may be porous to alloW the liquid 
to pass through. 

The present inventions are additionally comprised of 
acoustic damping materials that absorb acoustic energy by 
means of coupling to acoustically lossy materials. 

The present inventions are further comprised of porous 
acoustic damping materials that absorb acoustic energy by 
means forcing the liquid through small passages causing vis 
cous ?oW energy losses. 

The present inventions also comprise acoustic damping 
materials that cause the disruption of acoustic Waves by 
re?ection from materials that are impedance mismatched to 
the liquid, either dense materials or gas ?lled voids. 
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6 
These and other objects, features, and advantages of the 

present invention Will become apparent to those skilled in the 
art upon a reading of the folloWing detailed description When 
taken in conjunction With the draWings Wherein there is 
shoWn and described an illustrative embodiment of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the detailed description of the preferred embodiments of 
the invention presented beloW, reference is made to the 
accompanying draWings, in Which: 

FIG. 1 shoWs a simpli?ed block schematic diagram of one 
exemplary liquid pattern deposition apparatus made in accor 
dance With the present invention; 

FIGS. 2(a) and 2(b) shoW schematic cross-sections illus 
trating natural break-up and synchronized break-up, respec 
tively, of continuous steams of liquid into drops, respectively; 

FIGS. 3(a) and 3(b) shoW schematic plan vieWs of a single 
thermal stream break-up transducer and a portion of an array 
of such transducers, respectively, according to a preferred 
embodiment of the present invention; 

FIGS. 4(a), 4(b) and 4(0) shoW representations of energy 
pulse sequences for stimulating synchronous break-up of a 
?uid jet by stream break-up heater resistors resulting in drops 
of different predetermined volumes according to a preferred 
embodiment of the present inventions; 

FIG. 5 shoWs in top plan cross-sectional vieW a liquid drop 
emitter operating With large and small drops according to 
liquid pattern data; 

FIG. 6 shoWs in top plan cross-sectional vieW a portion of 
an array of continuous drop emitters illustrating the affect of 
stimulation crosstalk among nearby jets; 

FIG. 7 shoWs in top plan cross-sectional vieW tWo jets of an 
array of continuous drop emitters illustrating acoustic 
crosstalk from jet stimulation; 

FIG. 8 illustrates in top plan cross-sectional vieW the 
crosstalk dampening affect of positioning an acoustic damp 
ing material in the common supply chamber; 

FIG. 9 illustrates an enlarged portion of FIG. 8; 
FIG. 10 illustrates a granular porous acoustic damping 

material according to the present inventions; 
FIG. 11 illustrates a ?brous porous acoustic damping mate 

rial according to the present inventions; 
FIG. 12 illustrates a porous acoustic damping material 

having gas-?lled voids according to the present inventions; 
FIG. 13 illustrates a porous acoustic damping material 

having a lossy matrix material according to a preferred 
embodiment of the present invention; 

FIG. 14 illustrates a non-porous acoustic damping material 
having gas-?lled voids according to the present inventions; 

FIG. 15 illustrates a non-porous acoustic damping material 
having dense material grains according to the present inven 
tions; 

FIG. 16 shoWs a side cross sectional vieW of a continuous 
drop emitter having tWo types of acoustic damping material in 
the common liquid supply chamber according to a preferred 
embodiment of the present invention; 

FIG. 17 illustrates an enlarged portion of FIG. 16; 
FIG. 18 shoWs a side cross sectional vieW of a continuous 

drop emitter Wherein the common liquid supply chamber is 
con?gured as a Helmholtz resonator according to a preferred 
embodiment of the present invention; 

FIG. 19 shoWs a side cross sectional vieW of a continuous 
drop emitter Wherein the common liquid supply chamber is 
con?gured as a Helmholtz resonator according to another 
preferred embodiment of the present inventions; and 














